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@ A seismic alarm device for vehicles which is 
capable of delecting an earthquake while the vehicle 
is moving and gives the alarm upon occurrence of 



signals of the acceleration detectors (4), and an 
alarm circuit (3) gives the alarm when the determina- 
tion circuit outputs the alarm signal. 



the earthquake in oraer to proviae the safety such as 
by stopping the motor, vehicle, wherein a plurality of 
acceleration detectors (4) are mounted on the front 
and rear of the vehicle or on the left and right sides 
of the vehicle, output signals generated from these 
acceleration detectors are fed to a determination 
circuit (2), which determination circuit is arranged to 
measure an amplitude and period of the output sig- 
nals and to compare phases of the output signals, 
then to output an alarm signal If the amplitude of the 
output signals is larger than a predetermined value 
while their periods are within a predetermined range 
and no phase difference exists between the output 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present Invention relates to a seisnnic 
alarm device for vehicles in which an alarm signal 
is generated when an earthquake is detected 
based on output signals from acceleration detector 
elements which are mounted at various points on a 
vehicle. 

2. Description of the Prior Art: 

Conventionally, a device for detecting an earth- 
quake and generating an alarm signal has been 
employed In various fields. For example, there is a 
device In which an acceleration detector element 
employing a pendulum or consisting of a piezo- 
electric element or strain gage is mounted on a 
stationary object, and an alarm signal is generated 
when such element vibrates at a value higher than 
a predetermined vibration value or outputs a signal 
which exceeds a predetermined value. 

However, all such are mounted on a stationary 
object, and there has been no example where they 
are mounted on a moving object such as a vehicle 
which is subject to various types of pitching ac- 
cording to conditions of the road surface on which 
it is moving. 

There have been considerable vehicle acci- 
dents causing from damages of roads due to a 
huge earthquake. If a device were able to generate 
an alarm signal as soon as an earthquake occurs, 
such vehicle accidents could have been prevented 
from causing by stopping the vehicle with a seis- 
mic alarm device. 

It Is therefore an object of this invention to 
provide a vehicle-mounted seismic alarm device for 
vehicles being capable of detecting a difference 
between the jolts of the -vehicle caused by an 
earthquake and those by vehicle movement, and 
generating an alarm signal In case of the earth- 
quake. 



output signal is detected larger than a predeter- 
mined value while the period is within a predeter- 
mined range and no phase difference exists be- 
tween output signals from the acceleration detector 
5 elements mounted on the front and rear sides or on 
the left and right sides; and an alarm means which 
receives an output of the determination means for 
giving the alarm. 

Furthermore, a seismic alarm device for ve- 

10 hides according to the present invention comprises 
a plurality of acceleration detector elements moun- 
ted at various points on a vehicle; a determination 
means for outputting an alarm signal by receiving 
output signals from these acceleration detector ele- 

75 ments, wherein comparing amplitudes and phases 
of output signals from the acceleration detector 
elements, and when no phase difference is de- 
tected between output signals and two or more 
output signals which exceed a predetermined value 

20 are received within a prescribed unit of time, the 
two or more output signals are converted into one 
signal for every unit of time, and the converted 
signals reaches to a predetermined number within 
a predetermined period of time; and an alarm 

25 means which gives the alarm upon receipt of an 
alarm signal when the determination means outputs 
the alarm signal. 

According to the present invention, whenever 
the seismic alarm device for vehicles is turned on, 

30 output signals are constantly fed from the accelera- 
tion detector elements mounted at various points 
on the vehicle to the determination means. The 
determination means measures amplitudes and 
periods of the output signals fed from the accelera- 

35 tion detector elements, and compares the phases 
of output signals fed the acceleration detector ele- 
ments mounted on the front and rear sides of the 
vehicle, or the left and right sides thereof. 

When a tire of a motor vehicle runs onto a 

40 irregular surface of the road in driving, the body is 
twisted or rolled so that various signals are fed to 
the determination means from the acceleration de- 
tector elements. When the output signals fed from 
the front and rear or left and right acceleration 



SUMMARY OF THE INVENTION 

A seismic alarm device for vehicles according 
to the this invention comprises a plurality of accel- 
eration detector elements mounted at various 
points on a vehicle; a determination means for 
outputting an alarm signal by receiving output sig- 
nals from these acceleration detector elements 
when it is detected that, wherein measuring an 
amplitude and period of each output signal, com- 
paring phases of output signals generated from the 
acceleration detector elements mounted on the 
front and rear of the vehicle or on the left and right 
sides of the vehicle, and when the amplitude of the 



45 detector elements are compared In phase, and if 
there were a phase difference between them, no 
alarm signal is generated by the determination 
means even if the output signals from the accelera- 
tion detector elements have larger amplitudes than 

50 a predetermined value and are within a range of 
predetermined period. 

If there is an earthquake while the vehicle is 
moving, the body of the vehicle is pitched, as a 
whole, in case of a longitudinal wave, and the 

55 acceleration detector elements mounted on the 
front and rear positions of the vehicle supply output 
signals having the same phase to the determination 
means. The determination means then outputs an 
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alarm signal when it is determined that there is no 
phase difference between the output signais, the 
output signals are larger than the predetermined 
value and their periods are within a predetermined 
range. 

When a seismic oscillation of the earthquake is 
a transverse wave, the body is rolled as a whole, 
and the acceleration detector elements mounted on 
the front and rear positions of the vehicle supply 
output signals having the same phase to the deter- 
mination means. The determination means then 
outputs an alarm signal when it is determined that 
there is no phase difference between the output 
signals, the amplitudes of the signals are larger 
than the predetermined value and their periods are 
within a predetermined range. 

In either case above, when the determination 
means outputs the alarm signal, the alarm device 
gives the alarm and informs the driver of the occur- 
rence of the earthquake. 

Furthermore, in another arrangement of this 
invention, if an earthquake should occur, accelera- 
tion detector elements supply output signals having 
the same phase to the determination means, the 
determination means compares the amplitudes and 
phase of the output signals fed from the accelera- 
tion detector elements, and, if there is no phase 
difference and two or more output signals having 
amplitudes which are higher than a predetermined 
value are received within a unit of time, the output 
signals are converted into one signal for every unit 
of time and. further, if there is a predetermined 
number of converted signals within a predeter- 
mined period of time, outputs an alarm signal. 
Upon receipt of this alarm signal, the warning 
means generates an alarm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit block diagram showing an 
embodiment of the present invention; 
Figs. 2A and 2B are a plan view and side view 
showing potions mounted with acceleration de- 
tector elements: 

Fig. 3 is a wavelength of an earthquake; 

Fig. 4 is a period of an earthquake wave; 

Fig. 5 is a circuit block diagram showing another 

embodiment of the present invention; and 

Fig. 6 is an example of a low-pass filter. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A seismic alarm device for vehicles embodying 
the present invention will be explained by referring 
to the drawings. 

Now referring to Fig. 1, there is shown a block 
diagram seismic alarm device for vehicles of the 



first embodiment of this Invention. 

As seen from the Fig. 1, the seismic alarm 
device for vehicles 1 comprises a determination 
means 2. an alarm means 3. and four acceleration 
5 detector elements 4. 

The acceleration detector element used is an 
AN type acceleration sensor AN 101 F available 
from Fuji Ceramics Co., Ltd., however any one of 
sensors such as AN 101. CR-02 BM, CR-03, CR-03 
10 H, CR-035 H, or CH-035 BM may be used. 

The acceleration detector elements 4 are posi- 
tioned, as shown in Fig. 2, one at the center (point 
B) and one at each side (point D) of the engine 
compartment of the motor vehicle 5, and the other 
15 at the center (point A) of the motor vehicle. The 
points A and B are the positions where are com- 
paratively low In pitch, and the points D are the 
positions at where a phase difference can be easily 
detected when the motor vehicle is moving. 
20 The acceleration detector elements 4 are posi- 

tioned at the points A, B and D above, however, 
they can also be positioned at other points if there 
are mounting spaces in the motor vehicle since it is 
desirable for the acceleration detector elements 4 
25 to apart as much as possible from each other in 
order to make a phase difference larger, and to 
position at points where are low in pitch so as to 
eliminate undesirable noises from output signals. 
Moreover, the acceleration detector elements 4 
30 are mounted at four positions in this embodiment, 
however, they can be mounted at two or may be 
more than four positions. 

In case of mounting a large number of accel- 
eration detector elements, it is preferable to mount 
35 them in such order that (1) point A, the center of 
gravity of the motor vehicle, (2) point B, the center 
of the axle of the wheels, (3) point D. above the 
wheels, and points of symmetry D\ B' centering 
the point A, and points on lines connecting B-B', D- 
40 D, and D'-D'. 

The acceleration detector elements 4 may be 
secured by utilizing tightening bands, screws, 
bonding agent, or double-coated adhesive tape de- 
pending on where they are mounted. 
45 The determination means 2 of the alarm device 



1 comprised of a conventional analog amplifier, a 
logic circuit and the like, or a microcomputer, mea- 
sures amplitudes and periods of output signals fed 
from the acceleration detector elements 4 and 

50 compares phases of output signals fed from the 
acceleration detector elements 4 mounted at the 
front and rear, or at both sides. 

Then, it is arranged to output an alarm signal if 
an amplitude of output signals is larger than a 

55 predetermined value while their periods are within 
a predetermined range, and there is no phase 
difference between the output signals fed from the 
acceleration detector elements at the front and 
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rear, or at the left and right sides. 

An earthquake wave consists of a longitudinal 
wave (P wave) and a transverse wave (S wave). 
The speed of the longitudinal wave is usually ar- 
ound 6 knn/sec on the ground surface although it 
depends on a depth of a hypocenter, and that of 
the transverse wave is approximately 3 km/sec. 
When the seismic wavelength is measured under 
the assumption that the frequency is 10 Hz, as 
shown in Fig. 3, the longitudinal wave has a 
wavelength of 0.6 km, while the transverse wave 
has a wavelength of 0.3 km. 

The longitudinal and transverse waves may 
vary in their period, but, as shown in Fig. 4, it is 
usually 0.1 sec - 10 sec. An acceleration (unit: Gal) 
of the seismic wave varies significantly depending 
on the scale of the earthquake, but the value em- 
ployed in the alarm device of the present invention 
is . determined in such a manner as taking the 
influence of the earthquake on the road surface into 
consideration. 

Firstly, a predetermined period may be freely 
determined within a range of 0.1 sec - 10 sec. For 
example, it is determined to be 0.2 sec - 1.5 sec. 
Secondly, a predetermined value a is ±80 Gal 
which is selected to be larger than a predetermined 
value of the anticipated earthquake. This value cor- 
responds to a magnitude of 4 - 5. 

Moreover, the alarm means 3 of this alarm 
device is arranged to give the alarm upon receipt 
of the alarm signal from the determination means 
2. the circuit of which comprises transistors, ICs 
and the like. The alarm may be given by a flashing 
light, a buzzer, a sound, or a combination thereof. 

Whenever the alarm device 1 is turned on, the 
output signals are constantly fed from the accelera- 
tion detector elements 4, which are mounted at 
various points on the motor vehicle, to the deter- 
mination means 2. The determination means 2 
measures the amplitude and period of the output 
signals fed from the acceleration detectors 4, and 
compares phases of the output signals of the ac- 
celeration detectors 4 mounted on the front and 
r e ar of the vehicle , or on the left and right sides 

When a tire encounters with irregular surface of 
the road while the motor vehicle is moving and the 
body is twisted or pitched, various kinds of signals 
are fed to the determination means 2 from the 
acceleration detector elements 4. Since there is a 
phase difference between the output signals of the 
acceleration detector elements 4 mounted at the 
front and rear, or the left and right, when they are 
compared in phase, the determination means 2 
does not output the alarm signal even if there is the 
output signals of the acceleration detector elements 
4 having an acceleration which is larger than ±80 
Gal and the period which is within a predetermined 
range of 0.2 sec - 1.5 sec. 



If an earthquake occurs while the motor vehicle 

is moving, the body is, as a whole, is pitched in 
case of a longitudinal wave, and the acceleration 
detector elements 4 mounted on the front and rear 

5 positions of the vehicle supply output signals in the 
same phase to the determination means 2. The 
determination means 2 then outputs an alarm sig- 
nal when it is determined that there is no phase 
difference, and the acceleration of the signals is 

70 larger than ±80 Gal and their cycles are within 0.2 
sec - 1 .5 sec. 

When the seismic oscillation of an earthquake 
is a transverse wave, the body, is rolled as a 
whole, and the acceleration detector elements 4 

15 mounted on the front and rear positions of the 
motor vehicle supply output signals in the same 
phase to the determination means 2. The deter- 
mination means 2 outputs an alarm signal when it 
is determined that there is no phase difference 

20 between the output signals and an acceleration is 
detected higher than ±80 Gal and their periods are 
within the range of 0.2 sec - 1.5 sec. 

Now. another embodiment of the present in- 
vention will be described. It should be noted that 

25 like reference numerals are used for the same or 
equivalent components as those illustrated in the 
previous embodiment. 

This embodiment mainly differs from the pre- 
vious embodiment in the determination means 2, 

30 which functions, instead of measuring the period of 
the output signals from the acceleration detector 
elements, as hereinafter described. 

That is, if there is no phase difference between 
the output signals of the acceleration detector ele- 

35 ments and two or more output signals which is 
higher than a predetermined value are fed to the 
determination means within a unit of time, the 
determination means converts the received signals 
into one signal for every unit of time and, if derived 

40 are a predetermined number of converted signals 
within a predetermined period of time, the deter- 
mination means outputs an alarm signal. 

The detailed circuit diagram of the determina- 

tinn mpan<; P ig ghnwn in Fig ^ 

45 In this embodiment, two acceleration detector 

elements 4 are used, one element is used for an 
acceleration detector element 4a for triggering, an- 
other element is used for an acceleration detector 
element 4b for detecting phase. 

50 In Fig. 5, element 6 denotes a low-pass filter to 

pass frequencies at or lass than 10 Hz or less, 
element 7 denotes a wideband amplifier for am- 
plifying frequencies from direct current to several 
hundred Hz, element 8 denotes a low-pass filter to 

55 pass frequencies at or less than 5 Hz. whereby two 
filters enhance filtering effects together with the 
low-pass filter 6, the detailed circuit of which is 
shown in Fig. 6. Element 9 denotes a low-fre- 



quency amplifier for amplifying frequencies from 
direct current to about 10 Hz, and for adjusting the 
input level to the next stage. 

Element 10 denotes a level detector which is a 
provided for generating an output upon receipt of 5 
an input which is larger than a predetermined val- 
ue. A threshold value of the level detector 10 is 
equal to an output value of the low-frequency am- 
plifier 9 at the time when an acceleration to the 
acceleration detector elements 4a and 4b is de- w 
tected as 80 Gal. 

Element 1 1 denotes an AND circuit. 

Element 12 denotes a counter circuit A which 
is arranged such that, after an acceleration being 
detected by the acceleration detector element 4a ;5 
and a phase difference with an output of the accel- 
eration detector element 4b being discriminated by 
the AND circuit 11. one signal is outputted when 
two signals, each of which is generated upon de- 
tection of the same phase at the AND circuit, are 20 
counted within one second. 

In this case, however, only one signal is gen- 
erated even if two or more signals are registered 
within one second. The start of one second is 
commenced when a trigger is detected. 25 

Element 13 denotes a counter circuit B which 
has the same characteristics as that of the counter 
circuit A. but is arranged to output an alarm signal 
when it counts a certain number of signals in a 
certain period of time. For example, it is set to 30 
count five signals within five seconds or ten signals 
in ten seconds. This is because to distinguish the 
continuity of an earthquake from common vibration. 

The determination means 2 is arranged such 
that the output signals fed from the acceleration 35 
detector elements 4 are amplified by the wideband 
amplifier 7, the amplified signals are then passed 
through the low-pass filters 6 and 8 for eliminating 
a noise, outputs of the filters then amplified by the 
low-frequency amplifier 9, hence an amplitude of 40 
the acceleration is measured. The phase difference 
in the output signals fed from the acceleration 
detector elements 4 which are mounted on the 
front and rear, or the left and right sides of the 
motor vehicle is compared by utilizing the AND 45 
circuit 11. Noises contained In the output of the 



Gal and. under such condition, a value of an output 
signal of the acceleration detector element 4 in- 
creases considerably. Thus, an Input level to the 
level detector 10 exceeds far beyond its threshold 
value and thereby causing an area wherein the 
detected signal of each acceleration detector ele- 
ment 4 falls into the same phase. 

In addition to the above, if the acceleration is 
as high as 400 Gal, the driver recognizes occur- 
rence Of an earthquake without the seismic alarm 
device when driving on a normal road. Therefore, 
there arises no problem even if the operation of the 
alarm device 1 is stopped. An earthquake providing 
the acceleration of 400 Gal corresponds to a mag- 
nitude of about 7. 

As described above, the present Invention can 
distinguish the pitch of a vehicle causing from an 
earthquake even if the motor vehicle is moving, 
and generates an alarm signal upon occurrence of 
an earthquake, so that safety can be assured by 
stopping the motor vehicle. 

Claims 

1. A seismic alarm device for vehicles compris- 
ing: 

a plurality of acceleration detector ele- 
ments mounted at various points on a vehicle; 

determination means which receives out- 
put signals from the plurality of the accelera- 
tion detector elements to measure amplitudes 
and periods of the output signals and to com- 
pare phases of output signals fed from the 
plurality of the acceleration detector elements 
mounted on the front and rear portions of the 
vehicle, or on the left and right sides of the 
vehicle; and 

a warning means which, when the deter- 
mination means outputs an alarm signal, re- 
ceives it and generates an alarm; 

whereby said determination means outputs 
an alarm signal when the amplitudes of output 
signals are larger than a predetermined value 
while their periods are within a predetermined 
range and no phase difference exists between 
the output signals fed from the acceleration 



AND circuit 1 1 is removed by the counter circuits A 
12 and B 13 for detecting a real earthquake. 

It is not shown in the drawings, however, both 
the first and second embodiments are arranged to so 
stop the operation of the determination means 2 
when the acceleration exceeds 400 Gal at the 
acceleration detector elements 4. This arrangement 
is to prevent erroneous operation of the determina- 
tion means which may be caused at the time when 55 
a wheel drops into a deep depression on a un- 
paved road, since the acceleration applied on the 
acceleration detector element 4 may exceed 400 



detector elements mounted on the front and 
rear, or on the left and right sides. 

2. A seismic alarm device for vehicles compris- 
ing: 

a plurality of acceleration detector ele- 
ments mounted at various points on a vehicle; 

a determination means which receives out- 
put signals from these acceleration detector 
elements to compare amplitudes of the output 
signals and phases of. the output signals of the 
plurality of the acceleration detector elements; 
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and 

a warning means which, when the deter- 
mination means outputs an alarm signal, re- 
ceives it and generates an alarm; 

whereby, when no phase difference exist 
between the output signals and two or more 
output signals which are larger than a pre- 
determined value are received within a unit of 
time, the output signals are converted into one 
signal for every unit of time, and an alarm 
signal is outputted when a predetermined num- 
ber of converted signals exists within a pre- 
determined period of time. 
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